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SUMMARY 
The o b j e c t o f t h i s study was to i n v e s t i g a t e the f e a s i b i l i t y o f 
the a p p l i c a t i o n o f the queuing theory to a r e t a i l sa les p o i n t , w i t h 
p a r t i c u l a r emphasis on the queue d i s c i p l i n e . The s p e c i f i c o b j e c t i v e s 
o f the study were as f o l l o w s : 
1. To determine reasons f o r customers' leav ing 
sales counter queues 
2 . To determine the na tu re o f depar tures from a 
f i r s t - c o m e , f i r s t - s e r v e sa les p o l i c y , and t h e i r 
e f f e c t on the customer w a i t i n g t ime d i s t r i b u t i o n 
3. The development o f a method o f app ly ing the 
queuing theory in the de te rm ina t i on o f the optimum 
assignment o f sales c l e r k s 
The data were c o l l e c t e d a t R i c h ' s , Inc. by persona] i n t e r v i e w s 
and t ime lapse cameras. The study was conducted a t the l a d y ' s b e l t 
counter f o r a pe r iod o f two e i g h t - h o u r days. 
The r e s u l t s drawn from t h i s study are as f o l l o w s : 
1. For both days n i n e t y - s i x per cent o f the customers 
leave f o r reasons o the r than the length o f the w a i t i n g 
1 ine 
2 . There is a small depar ture from a f i r s t - c o m e , f i r s t - s e r v e 
sales p o l i c y . As the s i ze o f the queue increases so 
V i 
does the v a r i a t i o n in the o rder o f s e r v i c e 
3. A mathematical mode] o f a r e t a i l sa les p o i n t 
requ i res a spec ia l approach due t o the e f f e c t 
o f the queue d i s c i p l i n e on the expected w a i t i n g 
t ime 
I t i s recommended t h a t f u r t h e r study be conducted on t h i s sub jec t 
n the di r e c t i o n o f 
1. Cha rac te r i z i ng the queue d i s c i p l i n e 
2 . Determining the v a l i d i t y o f the suggested economic 
app1i c a t i o n 
3. Determining i f more sales personnel would a t t r a c t 
the customers t h a t looked w i t h o u t being served 
CHAPTER J 
INTRODUCTION 
Since the beginn ing o f World War I I , the use o f the laws o f 
p r o b a b i l i t y has brought new i n s i g h t t o the behavior o f many phys i ca l 
systems. One o f the techniques which has been shown t o be a p r a c t i c a l 
and va luab le t oo l i s the queuing t h e o r y ; o r , as i t i s sometimes c a l l e d , 
" t h e theory o f w a i t i n g l i n e s . " 
The development o f the queuing theory led t o mathematical 
models which would p r e d i c t the behavior o f a system tha t at tempted 
t o p rov ide se rv i ce t o randomly a r i s i n g demands f o r s e r v i c e . 
Al though the most numerous a p p l i c a t i o n s have been made s ince 
1950, i t was in 1908 when the f i r s t pub l i shed a r t i c l e on t h i s theory 
appeared. The au tho r , A. K. E r l a n d , s tud ied the problem o f te lephone 
t r a f f i c congest ion in the p ioneer a r t i c l e , l iUse o f Wai t ing L ine Theory 
i n the Danish "telephone ( l ) ^ . 1 1 Th is i n i t i a l i n t e r e s t in the f i e l d was 
f i n a l l y r e f l e c t e d , and in 1927 Mol ina (2) pub l i shed h i s work on the 
te lephone. From 1928 u n t i l 19^0 such men as Pol laczek ( 3 ) , 
Kh in tch ine ( 4 ) , and Crommelin (5) c o n t r i b u t e d g r e a t l y to the development 
o f the queuing t heo ry . 
However, i t was not u n t i l the beginn ing o f World War I I t ha t 
^Numbers in parentheses r e f e r t o re ferences l i s t e d in B i b l i o g r a p h y . 
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t he queuing theory got i t s b igges t impetus. Th is was p r i m a r i l y due 
to the increase o f i n t e r e s t in Operat ions Research, f o r which the 
queuing theory became one o f the many techn iques. The types o f work 
done dur ing t h i s pe r i od are i l l u s t r a t e d by R. K r o n i g ' s (6) 1 1 On Time 
Losses in Machinery Undergoing I n t e r r u p t i o n s " and W. F. We i r ' s (7) 
" F i g u r i n g Most Economical Assignment . " 
In the soc ia l and manufactur ing f i e l d s almost every ope ra t i on 
may be descr ibed as a 1 gate" . A c e r t a i n se rv i ce t ime is requ i red 
f o r each u n i t o f m a t e r i a l or person a r r i v i n g a t the gate before he 
o r i t can be passed on and the next accepted. I f the demand or 
i npu t t o the gate exceeds the capac i t y o f se rv i ce f o r a shor t pe r iod 
o f t i m e , the people or m a t e r i a l w i l l be kept w a i t i n g . Usual ly the 
person or i tem forming the queue a r r i v e s a t the g a t e , but sometimes the 
gate moves ( i . e . a wa i t r ess in a r e s t a u r a n t ) . This w a i t i n g o f m a t e r i a l 
and people can become c o s t l y ; and f o r t h i s reason, the i n t e r e s t i n t h i s 
f i e l d has increased. 
M. G. Mel den 's (8) d e f i n i t i o n o f the queuing theory can be 
rephrased as , t h e o r i e s used t o determine the p r o b a b i l i t y o f bo t t l enecks 
o c c u r r i n g and to show the e f f e c t which changes o f s e r v i c e would have on 
the s i ze o f the r e s u l t i n g l i n e . His d e f i n i t i o n imp l ies t h a t the queue 
may cons i s t o f persons or items and does not necessa r i l y mean t h a t the 
queue w i l l take the form o f a phys ica l l i n e . Th is broad approach t o the 
w a i t i n g l i n e problem could be more gene ra l l y de f i ned as an approach to 
the study o f conges t ion . 
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The successful appl icat ion of queuing theory are shown in such 
studies as: 
1. Telephone congestion (9) 
2. Landing of a i r c r a f t (10) 
3. Loading and unloading of ships (11) 
4. Scheduling of pat ients in a c l i n i c (12) 
5. Railroad c l a s s i f i c a t i o n yards (13) 
More appl icat ions are c i ted in an extensive bibliography on the queuing 
theory by Vera Riley (14) . 
According to D. G. Kendal (3) each queuing process has four 
charac te r is t i cs . They are: 
1. Input (the way customers a r r i v e at the point of service) 
2. Queue d isc ip l ine (the manner in which customers queue up 
for service 
3. Service mechanism (the mode of service) 
4 . Output (the departing customers' method of leaving the 
system 
These character is t ics fol low very closely those of Marshall (15) who 
1i sted the fo l lowing: 
1. Customers 
2. Gate or service point 
3. An input process 
4. Queue di sc ip i ine 
5. Service mechanism 
Of the many published appl icat ions of the queuing theory, none has 
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concerned i t s e l f w i t h the r e t a i l sa les p o i n t . I t i s t r u e t ha t 
t h e o r e t i c a l s tud ies have been made in which the r e t a i l sa les counter was 
g iven as an example, but up to now no a p p l i c a t i o n o f the queuing theory 
t o r e t a i l s to res has been pub l i shed . The lack o f i n f o r m a t i o n , as we l l 
as the d i f f i c u l t y o f o b t a i n i n g data necessary t o descr ibe the ope ra t i on 
may be one reason such a study has been de layed. Never the less , a depa r t ­
ment s t o re counter p rov ides an e x c e l l e n t l o c a t i o n f o r a study o f the 
queuing t h e o r y , f o r b a s i c a l l y i t has a l l the c h a r a c t e r i s t i c s o f the 
queuing problem. A b r i e f d e s c r i p t i o n o f these i s as f o l l o w s : 
1. Customer—the person t ha t a r r i v e s a t the counter f o r 
se rv i ce 
2. Gate o r se rv i ce p o i n t — t h e counter t ha t the customer 
approaches f o r se rv i ce 
3. Input process—the random frequency p a t t e r n a t which 
customers a r r i v e f o r s e r v i c e and en ter the queue 
k. Queue d i s c i p l i n e — e a c h customer i s governed by a moral 
code, queue d i s c i p l i n e , which i s the manner in which 
customers react t o the order o f se rv i ce and the length 
o f the se rv i ce t ime 
5. Sales mechanism--each customer requ i res a c e r t a i n t ime 
f o r s e r v i c e , a f t e r which he leaves the counter 
6. Output—at a department counter the ou tpu t i s o f l i t t l e 
i n t e r e s t as the customers ' next d e s t i n a t i o n i s i r r e l e v a n t 
A study o f a department s t o r e counter by the a p p l i c a t i o n o f the 
queuing theory would b r i ng r e s u l t s w i t h which an at tempt cou ld be made t o 
c o n t r o l the length o f the w a i t i n g l i n e and the sa les c l e r k ' s i d l e t ime . 
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These two o b j e c t i v e s are d i a m e t r i c a l l y opposed, f o r a decrease in one 
would cause an increase in the o ther or v i c e versa p r o v i d i n g the queue 
i s o f f i n i t e length and small in s i z e . Th is suggests t ha t there e x i s t s 
an optimum economic c o n d i t i o n where a balance might be brought about 
between the cost assoc ia ted w i t h loss o f sa les due to lengthy w a i t i n g 
l i n e s and the cost o f the sales c l e r k ' s i d l e t ime . 
A study by D. Y. Barrer (16) o f a w a i t i n g l i n e cha rac te r i zed by 
impat ien t customers and i n d i f f e r e n t sales c l e r k s was s i m i l a r t o t h i s 
s tudy . He assumed a Poisson type input and o u t p u t . I f x i s the 
number o f customer a r r i v a l s or customers served in elapsed t i m e , t , 
then a Poisson type input or ou tpu t i s one in which the p r o b a b i l i t y o f 
x i s g iven by the Poisson p r o b a b i l i t y f u n c t i o n s as f o l l o w s : 
P (x) = e~ A t ( t ) * 
x ! 
Frequent ly in queuing s t u d i e s , one wishes to r e f e r to the p r o b a b i l i t y 
f u n c t i o n o f t ime i n t e r v a l s between customer a r r i v a l s or customers served. 
Th i s f u n c t i o n i s o f the nega t i ve exponent ia l type g iven below p r o v i d i n g 
t h a t the input or ou tpu t i s o f the Poisson type as s ta ted p r e v i o u s l y . 
p ( t ) : JL e - ^ 
Throughout t h i s t h e s i s , the Poisson type or negat ive exponent ia l type 
input or ou tpu t imp l ies the above f u n c t i o n s . To spec i f y a queue 
comp le te l y , the d i s t r i b u t i o n f u n c t i o n f o r the a r r i v a l must be g i v e n . 
The type o f queue d i s c i p l i n e , whether f i r s t - c o m e , f i r s t - s e r v e ; p r i o r i t y ; 
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o r random s e l e c t i o n f o r se rv i ce must be determined. The number o f channels 
(sa les c l e r k s ) and the se rv i ce t ime d i s t r i b u t i o n are a lso needed to 
complete ly spec i f y a queue. 
Once the i n fo rma t i on i s ob ta ined and each c h a r a c t e r i s t i c adequately 
desc r i bed , i t w i l l be p o s s i b l e t o d e r i v e a mathematical model t h a t w i l l 
represent the phys i ca l system. Wi th the a i d o f t h i s model the f l ow o f 
customers can be s imula ted through the sales p o i n t , p e r m i t t i n g an 
a n a l y t i c a l study o f a l l v a r i a b l e s t ha t a f f e c t the queue. 
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CHAPTER I I 
THE PROBLEM 
The ob jec t o f t h i s study i s t o i n v e s t i g a t e the f e a s i b i l i t y o f 
the a p p l i c a t i o n o f the queuing theory to department s to re r e t a i l i n g and 
to descr ibe the requirements o f a mathematical model t o represent t h i s 
phys i ca l system.^ This p a r t i c u l a r i n v e s t i g a t i o n was concerned w i t h the 
problems t h a t a r i s e as a r e s u l t o f the queue d i s c i p l i n e around a r e t a i l 
sa les p o i n t . 
Since the purpose o f t h i s t h e s i s i s t o p rov ide ground work f o r 
f u r t h e r mathematical i n v e s t i g a t i o n s , i t w i l l touch on ly the broad 
aspects o f t h i s problem and w i l l not concern i t s e l f w i t h minute d e t a i l s . 
From t h i s study i t is hoped t h a t promis ing areas w i l l come f o r f u t u r e 
research. 
The s p e c i f i c o b j e c t i v e s o f the study repor ted in t h i s t h e s i s 
are as f o l l o w s : 
1 . To determine reasons f o r customers' leav ing sales counter 
queues. 
2. To determine the nature o f depar tures from a f i r s t - c o m e , 
f i r s t - s e r v e sa le p o l i c y , and t h e i r e f f e c t on the customer 
w a i t i n g t ime d i s t r i b u t i o n . 
3. The development o f a method o f app ly ing the queuing theory 
*This general o b j e c t i v e is being c a r r i e d out by a se r i es o f s t u d i e s , o f 
which t h i s is one, a t the Georgia I n s t i t u t e o f Technology. 
i n the de te rm ina t i on o f the optimum assignment o f sa les c l e r k s . 
These s p e c i f i c o b j e c t i v e s can not be transposed i n t o hypotheses and 
t e s t e d , f o r t h i s t h e s i s is one o f e s t i m a t i o n and i s intended as a guide 
f o r f u t u r e development o f t h i s t o p i c . 
An at tempt s h a l l be made to determine i f the sales p o l i c y v a r i e s 
from f i r s t - c o m e , f i r s t - s e r v e , as the degree o f v a r i a t i o n from such a 
p o l i c y a f f e c t s the w a i t i n g t ime . I f the sa les p o l i c y approaches random 
s e r v i c e , i t i s poss ib l e to keep an i n d i v i d u a l w a i t i n g f o r a long pe r i od 
o f t i m e , thereby a f f e c t i n g the importance o f the phys ica l queue. 
The w a i t i n g t ime o f a customer w i l l be analyzed t o see i f some 
s imple r e l a t i o n s h i p e x i s t s between i t and the o the r p r o p e r t i e s o f a 
r e t a i l sa les p o i n t . Another aspect t ha t w i l l be examined i s the reason 
why customers leave the coun te rs . I f a s u f f i c i e n t number o f customers 
leave because o f the length o f the w a i t i n g l i n e , then a d d i t i o n a l sa les 
c l e r k s must be added t o c o r r e c t t h i s s i t u a t i o n . I f , however, t he re are 
ample se rv i ce f a c i l i t i e s and the customers cont inue t o leave , the answer 
t o the problem l i e s e lsewhere. 
To present an economic use o f the queuing theory t o a r e t a i l 
sales p o i n t an a d d i t i o n a l step must be taken so t ha t the r e s u l t s o f 
the study can be used f o r the optimum assignment o f sales personne l . 
Such a use o f the theory s h a l l be p resen ted , but more study o f the 
sub jec t w i l l be necessary t o e s t a b l i s h the v a l i d i t y o f the approach. 
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CHAPTER I I I 
EXPERIMENTAL PROCEDURE 
An exper imenta l i n v e s t i g a t i o n o f a w a i t i n g l i n e a t a department 
s t o r e counter was made by the t ime lapse photography and personal i n t e r ­
v iews . The data were c o l l e c t e d j o i n t l y w i t h W. A. Gresham (17) whose 
t h e s i s concerns i t s e l f w i t h the a r r i v a l and s e r v i c e d i s t r i b u t i o n o f a 
r e t a i 1 sales p o i n t . 
Se lec t i on o f Loca t i on . — In the p r e l i m i n a r y study a search was made in 
A t l a n t a f o r a r e t a i l sales p o i n t which was s u i t a b l e f o r t h i s exper iment . 
The way in which the data was to be c o l l e c t e d r e s t r i c t e d the type o f 
sales p o i n t s t h a t cou ld be i n v e s t i g a t e d . A counter had to be found t h a t 
a l lowed f u l l coverage o f i t s area by the cameras. Th is meant t h a t the 
counter had to be f u l l y enclosed w i t h the sa les personnel conf ined w i t h i n . 
The p r e l i m i n a r y search ended w i t h the s e l e c t i o n o f th ree counters t h a t 
were considered s u i t a b l e f o r the s tudy . A l l th ree were in R i c h ' s 
Department Store and were as f o l l o w s : 
1. Lady's b e l t counter 
2 . Lady's blouse counter 
3. Fine j e w e l r y counter 
Since the experiment was t o be conducted on a t y p i c a l coun te r , 
the f i n e j e w e l r y counter was d i sca rded , as i t so ld a low-volume, h i g h -
p r i c e d merchandise. A l though the l ady ' s b louse i s a h igh-vo lume, l ow-p r i ced 
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a r t i c l e , the problem o f photographing the counter was more d i f f i c u l t than 
t h a t o f the l a d y ' s b e l t coun te r . Thus the s e l e c t i o n o f the l a d y ' s b e l t 
counter a t R i ch ' s was made, as i t o f f e r e d the best l o c a t i o n t o conduct 
the exper iment . A layout o f the counter and the ranges o f the cameras 
can be seen in F igure 1 . A lso p i c t u r e s taken a t the l o c a t i o n o f the 
cameras are shown in Figures 2'and 3. 
To insure t h a t the volume o f business was la rge enough to get 
s u f f i c i e n t d a t a , the b e l t counter was surveyed a t d i f f e r e n t t imes on 
Tuesday and Saturday. These checks revealed t h a t the counter was 
s u i t a b l e f o r the exper iment . To be c e r t a i n t ha t the cameras would 
encompass the e n t i r e f i e l d , a t r i a l was made; and the r e s u l t s ob ta ined 
were s a t i s f a c t o r y . 
Equipment Used.—The data were c o l l e c t e d on f i l m w i t h two s i x teen 
m i l l i m e t e r Keystone A-9 cameras w i t h t h i r t e e n m i l l i m e t e r wide angle 
lenses . These e l e c t r i c a l l y d r i ven cameras had been mod i f i ed t o run a t 
t w e n t y - f i v e frames per minu te . Each camera he ld one hundred f e e t o f 
f i l m , enab l ing the camera t o run two hours and f i f t y minutes w i t h o u t 
being rep laced . I t was necessary then t o change the f i l m th ree t imes 
per day. To prevent gaps in the da ta , the s t a r t i n g t ime o f the cameras 
was s taggered. Two synchronized t h i r t e e n inch c locks were p laced on the 
counter so t h a t the f i l m from the two cameras cou ld be coo rd ina ted . 
Se lec t i on o f Time.—The experiment was t o cons i s t o f two e i g h t - h o u r 
days chosen so t h a t the a c t i v i t y o f t r a f f i c customers a t the counter 
would be normal one day and above normal on the second day. 
1 1 
C A M E R A 
M O U N T E D 
O N P O S T 
L A D I E S ' 
A P P A R E L 
C O U N T E R 
L A D I E S ' S O C K C O U N T E R 
\ 
L A D I E S ' 
H A T 
C O U N T E R 
1 3 " C L O C K S 
C A S H R E G I S T E R 
A R E A C O V E R E D 
B Y C A M E R A S 
v \ 
M E N ' S 
S H I R T S 
C A M E R A M O U N T E D 
O N C O U N T E R T O P 




By look ing a t t h e i r p rev ious reco rds , the management o f R i ch ' s recommended 
Tuesdays and Saturdays. The experiment was conducted on Ju l y 23 and 2 7 , 
1957-
Sub jec ts .—Al1 persons t h a t were a f f e c t e d by the exper iment were t o l d why 
the study was being made. Th is was done in hopes o f a t t a i n i n g normal 
work ing c o n d i t i o n s . To prevent unnatura l behavior o f the customers, the 
cameras were concealed as much as poss ib l e by p a i n t i n g the camera mounts 
and s e l e c t i n g concealed l o c a t i o n s . The at tempt a t concealment brought 
good r e s u l t s as no customer no t i ced the cameras u n t i l she had l e f t the 
counte r . Th is f a c t was conf i rmed in the personal i n t e r v i e w . 
I n t e r v i e w i n g . — In order to supplement the data from the f i l m s , each 
person t h a t d i d not purchase an i tem was t o be i n t e r v i e w e d . However, 
due t o the leng th o f t ime requ i red to i n t e r v i e w one person and the number 
o f personnel a v a i l a b l e t o conduct the i n t e r v i e w , on ly those customers 
who stayed longer than two minutes at the counter and those who took up 
the sales c l e r k ' s t ime w i t hou t buying were i n t e r v i ewed . The i n t e r v i e w 
form is shown in f i g u r e 15 o f the Appendix. 
In the f i r s t p a r t o f the i n t e r v i e w an at tempt was made to 
a s c e r t a i n why customers approached a counte r . I f a customer was look ing 
w i t hou t any i n t e n t o f buy ing , then the i n t e r v i e w was d i s c o n t i n u e d . I f , 
however, there was some i n d i c a t i o n t h a t the re might have been a s a l e , 
the i n t e r v i ew was con t i nued . The second sec t i on o f the i n q u i r y t r i e d 
to determine the reasons why the customers had l e f t the counter w i t h o u t 
buy ing . Only those customers who l e f t the counter because o f the length 
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o f the w a i t i n g l i n e were asked the t h i r d pa r t o f the i n t e r v i e w i n an 
at tempt t o see i f the queue s i ze had r e s u l t e d in l o s t sa l es . The l a s t 
s e c t i o n o f the i n t e r v i e w was designed to determine the b e l t p r i c e range 
des i red by the customer. 
F i lm A n a l y s i s . — A f t e r the f i l m s were developed, they were analyzed 
frame by f rame, and the a r r i v a l and depar tu re o f each customer no ted . 
Th is i n fo rma t i on was t r a n s f e r r e d t o a master char t which showed the 
a r r i v a l , w a i t i n g , and se rv i ce t ime o f each customer; the number o f 
people w a i t i n g t o be served; the order in which they were served; 
and the t e r m i n a t i o n o f each t r a n s a c t i o n , ending e i t h e r in a sa le or no 
s a l e , A sample o f the technique used t o record t h i s data is g iven i n 
F igure 4. As seen in the f i g u r e (us ing as a sca le 25.0 m i l l i m e t e r s 
equal one m i n u t e ) , customer 505 a r r i v e d a t the queue a t 4:07:39 
(hours :minu tes :seconds) . As there was no one a t the counter when she 
a r r i v e d , she was serv i ced in t u r n a t 4:07:49. Her w a i t i n g t ime was then 
the d i f f e r e n c e between her a r r i v a l t ime and the t ime her se rv i ce was 
begun, i n t h i s case, ten seconds. Customer 505 l e f t w i t h o u t purchasing 
a t 4:11:01. Whi le customer 505 was w a i t i n g to be served, customer 506 
a r r i v e d a t 4:07:49. An i n s t a n t l a t e r when customer 505 was s e r v i c e d , 
customer 506 dropped t o the number one w a i t i n g l e v e l . The number one 
w a i t i n g leve l i nd i ca tes the number o f people w a i t i n g to be se rv i ced as 
one, and the leve l shows the person should be serv iced nex t . Th is same 
procedure was used throughout the master c h a r t . 
A f t e r the data f o r both days were recorded on the master c h a r t s , 
data sheets were made up. These sheets put i n t a b u l a r form the i n fo rma t i on 
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on the master c h a r t . By s u b t r a c t i n g the a r r i v a l t ime from the t ime the 
customer l e f t the coun te r , the t o t a l t ime a t the counter was o b t a i n e d . 
A sample data sheet i s g iven in the Appendix, f i g u r e 16. The data sheets 
a re s e l f - e x p l a n a t o r y except f o r the one column which i s e n t i t l e d "Sa le 
o r No S a l e . " I f t he re was a s a l e , i t would be s i g n i f i e d by the l e t t e r 
" S " ; i f there was no sa le the personal i n t e r v i e w r e s u l t s were put under 
t h i s column. The i n t e r v i e w form was coded, enab l ing an answer t o be 
s i g n i f i e d by a numeral and a l e t t e r . In the case o f customer 505, 
s ince she d id not purchase an a r t i c l e , the answer t o her i n t e r v i ew was 
1-D. The exp lana t i on o f t h i s i n t e r v i e w code i s g iven i n the Appendix, 
Table 9 , which in t h i s case meant t h a t she was d e f i n i t e l y going t o 
purchase a b e l t , but t h a t the co l o r she wanted was not a v a i l a b l e . 
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CHAPTER IV 
ANALYSIS OF DATA AND RESULTS 
The ana l ys i s o f the data w i l l be d i v i d e d i n t o four s e c t i o n s . 
The sa les p o l i c y is d iscussed i n the f i r s t s e c t i o n . The second concerns 
i t s e l f w i t h why people leave a coun te r . The t h i r d p a r t o f the a n a l y s i s 
i s a d iscuss ion o f the w a i t i n g t ime d i s t r i b u t i o n a t a r e t a i l sa les p o i n t . 
To g i ve an economic approach o f the a p p l i c a t i o n o f the queuing theory 
i s the goal o f the l a s t s e c t i o n . 
The Sales Pol i cy .—The sales p o l i c y o f most r e t a i l department s to res i s 
based on a f i r s t - c o m e , f i r s t - s e r v e p r i n c i p l e . Th is can on ly happen, 
however, under an idea l s i t u a t i o n , f o r as the s i ze o f the queue i n ­
c reases, the d i f f i c u l t y o f ma in ta in ing the c o r r e c t o rder inc reases . 
Another cause f o r the v a r i a t i o n from a f i r s t - c o m e , f i r s t serve sa les 
p o l i c y i s t h a t the exper ienced sa les c l e r k has some i n d i c a t i o n o f which 
customers might buy and which are j u s t b rows ing. I t i s on ly na tu ra l 
t o choose the one t h a t might purchase f o r f ea r t h a t she might get 
impat ien t and leave. 
To c o l l e c t the data necessary f o r an a n a l y s i s o f the sales 
p o l i c y , the customer 's order o f se r v i ce was observed. I f a person 
was serv iced ahead o f another person who had been in the queue longer , 
she was g iven a va lue o f p lus one. I f she was se rv i ced a f t e r someone 
who a r r i v e d a t the queue a f t e r she d i d , she was g iven a minus one. 
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Thus a person r ece i v i ng a p lus th ree meant t h a t she had stepped ahead 
o f th ree peop le , w h i l e a person t h a t rece ived a minus th ree had th ree 
customers—who a r r i v e d a t the counter a f t e r she had—serv iced be fore 
her . From Table 1 , the order o f se rv i ce can be seen f o r each day. 
Consider ing the abso lu te values f o r the o rder o f s e r v i c e , the data were 
regrouped as seen in Table 2 . With t h i s d a t a , the f r a c t i o n o f t o t a l oc 
currences f o r each order o f se rv i ce was determined. The r e s u l t s are 
shown g r a p h i c a l l y in Figures 5 and 6. The data were then f i t t e d w i t h 
a n i n e t y - f i v e per cent conf idence i n t e r v a l . A person may i n t e r p r e t 
t h i s conf idence i n t e r v a l by saying t h a t one is n i n e t y - f i v e per cent 
con f i den t t h a t the f r a c t i o n o f t o t a l customers f o r Tuesday t h a t are 
se rv i ced i n t u r n ( c o r r e c t o rder ) w i l l be between 0 . / 2 and 0.85. 
I t is e a s i l y understood why, as the s i ze o f the queue inc reases , 
the sales c l e r k s become more confused as t o the order in which they 
should serve customers. To i n v e s t i g a t e t h i s p o i n t f u r t h e r , data were 
t a b u l a t e d f o r both days on the s i ze o f the queue versus the order 
served and are shown by Table 3. The c o r r e l a t i o n c o e f f i c i e n t f o r each 
day was determined by the method o f Pearson's Product Moment. A r e ­
g ress ion l i n e was determined and a standard e r r o r o f es t imate o b t a i n e d . 
The f o l l o w i n g are the equat ions t h a t r e s u l t e d : 
Tuesday y : . 10 •+*. 18x 
Saturday y Z .15 - f - . l 0x 
The r e s u l t s show t ha t f o r both days the l i n e had a p o s i t i v e s l ope , 
i n d i c a t i n g t h a t as the s i ze o f the queue increased so d id the o rder o f 
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TABLE 1 
THE FREQUENCY OF OCCURRENCE OF THE ORDER IN WHICH CUSTOMERS ARE SERVED 
ORDER OF TEST DAYS 
CUSTOMER 
SERVICE TUESDAY SATURDAY 
+ 4 0 0 
•f 3 2 1 
+ 2 1* 3 
+ 1 24 
0 137 174 
- 1 8 5 
- 2 0 1 
- 3 0 C 




A CUSTOMER WAS SERVED AHEAD OF OTHER 
WHO ARRIVED AT THE COUNTER FIRST. 
INDICATES A CUSTOMER WAS SERVED AFTER OTHER 
CUSTOMERS WHO ARRIVED AT THE COUNTER LATER. 
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TABLE 2 
ABSOLUTE SALES POLICY * 
ORDER OF TUESDAY SATURDAY 
SERVICE OCCURRENCES OCCURRENCES 
0 137 174 
} 22 
1 •:- 4 
3 2 i 
4 0 1 
TOTAL 175 202 
* THIS IS THE ABSOLUTE SALES POLICY WITH NO REGARD TO THE SIGN 
OF THE ORDER OF SERVICE. 
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ABS0LUTE ORDER IN WHICH 
CUSTOMER SERVED 
FIGURE 6 SATURDAYS SALES POLICY 
TABLE 3 
QUEUE SIZE VERSUS ORDER SERVED 
TUESDAY 
SIZE OF QUEUE WHEN SERVED 
ABSOLUTE 0 1 2 3 4 5 TOTAL 
ORDER 0 82 36 
OCCURRENCES 
13 6 1 0 139 
IN WHICH 1 3 18 7 2 0 0 30 
CUSTOMER 2 0 0 1 0 0 4 
IS SERVED 3 0 0 0 2 0 0 2 
CORRELATION COEFFICIENT .396 
STANDARD ERROR OF ESTIMATE 5.**% 
SATURDAY 
SIZE OF QUEUE WHEN SERVED 
0 1 2 3 4 5 TOTAL 
ABSOLUTE 0 98 42 
OCCURENCES 
19 6 2 1 163 
ORDER 1 5 2 i 0 0 2: 
IN WHICH 2 z 0 3 0 0 0 
CUSTOMER 3 0 0 Q 1 0 0 1 
IS SERVED k 0 0 1 0 0 0 1 
CORRELATION COEFFICIENT .195 
STANDARD ERROR OF ESTIMATE 5.8% 
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s e r v i c e . 
One o f the l i m i t a t i o n s o f t h i s method o f o b t a i n i n g the data cou ld 
have a f f e c t e d the a n a l y s i s . Since the camera took a p i c t u r e every 1/25 
o f a m inu te , i t i s poss ib l e t h a t between frames the customer t h a t was next 
t o be se rv i ced t o l d the sales c l e r k t o w a i t on some one e l s e . This 
l i m i t a t i o n o f the cameras i s not impor tant as in most cases i t was obvious 
whom the sales c l e r k had approached and intended t o serve . 
Why Customers l e f t the Queue.--'The r e s u l t s o f the personal i n te r v i ews 
were t abu la ted f o r each day and the r e s u l t s shown in Table 4. The 
r e s u l t s i n d i c a t e t h a t people l e f t f o r the same reasons on both days. 
Of p a r t i c u l a r s i g n i f i c a n c e is the f a c t t h a t less than four per 
cent l e f t each day because o f the length o f the w a i t i n g l i n e . This means 
t h a t the length o f the w a i t i n g l i n e had l i t t l e e f f e c t on those customers 
t h a t entered the queue. Th is i s no i n d i c a t i o n o f the number o f people 
t h a t were discouraged and d i d not en te r because o f the s i ze o f the queue. 
However, t h i s l a s t statement i s not p a r t i c u l a r i l y a p p l i c a b l e t o t h i s 
counter f o r regard less o f the s i ze o f the queue, a customer cou ld always 
see the merchandise. The major d i f f e r e n c e between a r e t a i l s t o r e ' s 
queuing problem and o the r queuing problems i s t h a t most r e t a i l se rv i ce 
p o i n t s employ some form o f s e l f se rv i ce which does not r equ i re constant 
s e r v i c i n g . Only when the customer decides t ha t she i s going t o purchase 
an i tem does the s i ze o f the queue become impor tan t . There are numerous 
people t h a t approach a coun te r , l ook , and leave. The problem is ra i sed 
as to whether or not these are customers or j u s t cu r ious peop le . In most 
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TABLE 4 
RESULT OF PERSONAL INTERVIEWS 
TUESDAY SATURDAY 
% o f To ta l 
I n te rv iew 
WHY CUSTOMERS APPROACH COUNTER 
1. D e f i n i t e l y going t o buy a b e l t 25.3 
2 . Perhaps might buy b e l t 37-0 
3• Just Browsing 37-1 
95% CONFIDENCE 
I n t e r v a l 
Low High 
17.5 
2 7 . 0 




% Of To ta l 



















WHY CUSTOMERS LEFT COUNTER 
1. Too many people w a i t i n g 3.6 1.0 10.0 1.3 0.5 12.0 3.2 
2 . Did not have s ize 12.9 8.0 23.0 18.8 9.0 33.0 15.0 
3. Did not have s t y l e 52.3 42.5 62.5 49.0 39.0 64.0 51.3 
Did not have co lo r 19.3 12.5 29.0 22.6 12.5 32.0 20.5 
5. Other reasons 11.9 6 .0 20.0 7.5 2 .0 15.0 10.8 
PRICE RANGE OF CUSTOMERS 
1. $1-3 50.0 40.0 60.0 41.5 27.5 52.0 47.2 
2 . $3-5 28.0 20.0 39-0 34.0 21.0 49.0 30.3 
3. $5 and up 6.0 2 .0 14.0 15.1 7-0 28.0 6.6 
;, D i d n 1 1 n o t i c e p r i c e 16.0 9.0 26.0 9 . 4 3.0 22.0 12.9 
r o 
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a p p l i c a t i o n s o f the queuing theory today , on ly those people t h a t r equ i r e 
se rv i ce are considered customers, and the re i s not a need t o depart from 
t h a t idea a t a department s to re counter . 
From the r e s u l t s ob ta ined from the i n te rv iews i t was s u r p r i s i n g t o 
see the number o f customers t ha t were d e f i n i t e l y going t o purchase a b e l t . 
On the two days t h a t the customers were in te rv iewed g r e a t e r than t h i r t y -
two per cent sa id t ha t they were d e f i n i t e l y p lann ing t o buy a b e l t . I t 
i s t r u e t h a t the way the person was approached by the i n t e r v i ewe r cou ld 
have brought t h i s r e s u l t . Yet a c l ose r look a t the reason why these 
people f a i l e d t o buy revealed t ha t seventy- two per cent o f these l e f t 
because they were unable t o f i n d the s t y l e o r c o l o r t h a t they d e s i r e d . 
Th is i s no r e f l e c t i o n on the inven to ry o f the s t o r e as t h i s study was 
made a t a t ime when the merchandise was a f f e c t e d by the changing o f the 
seasons. 
Of the f i v e people t h a t l e f t because o f the leng th o f the w a i t i n g 
l i n e , not one o f them sa id t ha t they would r e t u r n t o the counter the 
same day. Even though the sample s i ze o f p a r t t h ree o f the i n t e r v i e w 
was too small t o draw any d e f i n i t e conc lus ions , the r e s u l t s i n d i c a t e 
t ha t the re was a d e f i n i t e loss o f p o t e n t i a l sa l es . Th is l o s s , however, 
would not necessa r i l y j u s t i f y the added expense o f a d d i t i o n a l sa les 
pe rsonne l ; f o r assuming t ha t the f i v e people purchased a b e l t , t h i s would 
not equal the wages o f the sales c l e r k . 
Part four o f the i n t e r v i e w revealed t ha t in most cases, the p r i c e s 
o f the b e l t s were in the customer 's p r i c e range. When asked what t h e i r 
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p r i c e range was, g rea te r than f o r t y - seven per cent o f the customers r e p l i e d 
t h a t t h e i r p r i c e range was from one to th ree d o l l a r s . On Tuesday, when 
there was a remnant sa le in the s t o r e , f i f t y per cent o f the customers 
were i n t e r e s t e d in the lower p r i c e range. Th is r e s u l t , p lus the f a c t 
t h a t on Tuesday on ly t h i r t y - t w o per cent o f those people served purchased 
i nd i ca tes t h a t on Tuesday people were look ing f o r a b a r g a i n . Th is compares 
w i t h Saturday when f o r t y - t w o per cent purchased a b e l t . 
Wai t ing Time D i s t r i b u t i o n . — U n l i k e the a r r i v a l and se rv i ce d i s t r i b u t i o n s , 
the w a i t i n g t imes are not independent. From the data g iven in Tables 
7 and 8 in the Appendix, F igures 7 and 8 were made to show the t ime o f 
day versus the a r r i v a l r a t e , s e r v i c i n g t i m e , and the w a i t i n g t ime averaged 
f o r t h i r t y - m i n u t e pe r i ods . I f the w a i t i n g t ime was a f u n c t i o n o f the 
a r r i v a l r a te o n l y , then an increase in customer a r r i v a l s would cause an 
increase in the w a i t i n g t ime . Th is is not the case as can be seen from 
Figures 7 and 8 . 
The w a i t i n g t ime d i s t r i b u t i o n s f o r both days were determined and 
the r e s u l t s are shown in Figures 9 and 10. The w a i t i n g t ime as observed 
dev ia ted from a f i r s t - c o m e , f i r s t - s e r v e sales p o l i c y . To see the e f f e c t 
o f a t r u e f i r s t - c o m e , f i r s t - s e r v e p o l i c y , the w a i t i n g t ime o f each 
customer was recomputed w i t h the s e r v i c i n g t ime the same as in the 
o r i g i n a l o b s e r v a t i o n . These r e s u l t s are a l so g iven by Figures 9 and 10. 
On both days, i f the sales p o l i c y had been a t r u e f i r s t - c o m e , f i r s t - s e r v e , 
the customers would have wa i ted longer f o r s e r v i c e . 
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FIGURE 7 TIME CHART FOR TUESDAY 
• • 
3:00 4:00 
TIME OF DAY 
T 
5:00 
MEAN SERVICING TIME 
MEAN WAITING TIME 




H ~ " - n - - r r > - i • r r - f 
8 
FIGURE 9 
9 10 11 12 13 14 15 
LENGTH OF WAITING TIME (Minutes) 






' P ^ , i 1 I—r—i 
10 11 
FIGURE 10 
LENGTH OF WAITING TIME (Minutes) 
WAITING TIME DISTRIBUTION FOR SATURDAY 
33 
A c l ose r look a t the w a f t i n g t ime shows the extreme d i f f e r e n c e o f 
the days on which the data were c o l l e c t e d . F igures 11 and 12 which show 
the t ime o f day versus the average w a i t i n g t ime o f customers grouped 
s e r i a l l y in f o u r s , c l e a r l y p o i n t out the d i f f e r e n c e between the days. 
On Saturday, the length o f the average w a i t i n g t ime increases g radua l l y 
u n t i l f ou r o ' c l o c k when i t tapers o f f . Tuesday's w a i t i n g t ime i s q u i t e 
d i f f e r e n t and i s g r e a t l y i n f l uenced by the customers who are housewives 
and those who are employed. Around the lunch hour the e f f e c t o f the 
workers was p a r t i c u l a r l y n o t i c e d . 
A lso from Figures 11 and 12, the t o t a l length o f t ime taken by 
a group o f fou r shows l i t t l e e f f e c t on the average w a i t i n g t i m e , nor 
is the t o t a l length o f t ime taken by the group a f f e c t e d by the t ime o f day. 
An Economic A p p l i c a t i o n . — In an at tempt to min imize the length o f the 
w a i t i n g l i n e and a t the same t ime minimize the c l e r k ' s i d l e t i m e , a 
compromise might be brought about by f i n d i n g the optimum economic 
r e l a t i o n s h i p between the cost o f the sales c l e r k and the va lue o f 
customer 's t i m e . The f o l l o w i n g i s put in the form o f a sugges t i on , as 
more study o f the a p p l i c a t i o n o f the queuing theory t o r e t a i l s to res 
would be requ i red before the u t i l i t y o f t h i s approach cou ld be v e r i f i e d . 
Th is economic approach w i l l cons ider both the s i n g l e channel (one sales 
c l e r k ) and the mu l t i - channe l counter . 
S ing le Channel.—From the r e s u l t s o f Gresham's (17) work, the f o l l o w i n g 
conc lus ions were drawn: 
1. The a r r i v a l ra te i s random and constant 
TUESDAY 
10:00 11:00 12:00 
9 
1:00 2:00 3:00 4:00 
TIME OF DAY 
FIGURE 11 MEAN WAITING TIME FOR CUSTOMERS GROUPED IN FOURS 
180J SATURDAY 
10:00 11:00 12:00 1:00 i 
2:00 
3:00 4:00 
TIME OF DAY 
i 
5:00 
FIGURE 12 MEAN WAITING TIME FOR CUSTOMERS GROUPED IN FOURS 
Ul 
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2 . The se r v i ce t ime d i s t r i b u t i o n can be cha rac te r i zed by 
the mean and o ther moments. 
To s t a r t an ana l ys i s by the use o f ' J 1 , cu rves , data must be 
ob ta ined so t h a t the mean a r r i v a l r a t e , the mean s e r v i c e r a t e , and the 
va r iance o f the s e r v i c i n g t ime can be c a l c u l a t e d . From these c a l c u l a t i o n s , 
the expected t o t a l t ime o f a customer a t a counter can be ob ta ined from 
the f o l l o w i n g express ions by Churchman (18 ) : 
t t • t w - r t s = 1 ̂  Sis t i ( i ) 
where t w • expected w a i t i n g t ime (minutes per customer) 
t s = expected s e r v i c i n g t ime (minutes per customer) 
t f c z expected t o t a l t ime (minutes per customer) 
A = mean a r r i v a l ra te (customers per minute) 
z mean se rv i ce r a t e (customers per minute) 
^ t c = var iance o f s e r v i c i n g t ime (minutes) 
Thus f o r a g iven var iance o f s e r v i c i n g t i m e , the expected t o t a l t ime a 
customer w i l l s tay a t a counter can be expressed in terms o f X and | J U . 
Th is enables one to assemble t ab les f o r the expected t o t a l t ime f o r 
d i f f e r e n t var iances in terms o f }\ and y*. The t o t a l t ime a l l the 
customers spend a t the counter i s 
(2) 
3v 
where N = number o f customers 
Wc = t o t a l t ime o f a l l customers a t counter (minutes) 
The sales c l e r k i s a v a i l a b l e f o r a t o t a l t i m e , T, or a l l the sa les c l e r k s 
a re a v a i l a b l e , sT, where s is the number o f c l e r k s . Since t h i s is 
s i n g l e channe l , the t o t a l t ime o f the sales c l e r k i s 
Ws z T (3) 
where W s -* tota l t ime o f sa les c l e r k (minutes) 
By l e t t i n g R s be equal to the cost o f the sa les c l e r k s ( d o l l a r s per u n i t 
o f t i m e ) , i n c l ud ing any commission earned, and R c be the va lue o f the 
customers ' t ime as appra ised by the management o f the s t o r e , the t o t a l 
cost o f the sa les c l e r k s and customers' t ime a t the counter can be 
expressed as : 
C = R c W c # R s W s (4) 
By s u b s t i t u t i n g i n Equat ion 4 those values in Equations 2 and 3 , the 
f o l l o w i n g w i l l r e s u l t : 
C = R c N ( t w * tsJ 4 Ks T (5) 
and can be rearranged as 
C • R c H { * w + h \ 4 ] (6) 
RST R s T 
Since C i s the t o t a l cost and RST is the cost o f one sa les c l e r k per 
u n i t o f t i m e , the t o t a l cost per cost o f one c l e r k f o r one day i s C 
RST 
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which can be c a l l e d the normal ized cost and denoted as C . The 
normal ized cost can be measured in u n i t s equal t o the cost o f one c l e r k 
per u n i t o f t ime . Rewr i t i ng Equat ion 6 , the f o l l o w i n g i s o b t a i n e d : 
C 1 = R c N ( t w " f ts) + 1 
RS T 
Since N Is the average number o f a r r i v a l s per u n i t o f t ime or X ; 
T 
and i f the r a t i o , R c , i s de f ined as R ; then Equat ion 7 can be 
f u r t h e r reduced t o 
C1 - R A ( t w + t 5 \ t 1 (8) 
Then by o b t a i n i n g the va lue f o r the t o t a l expected t i m e , t w +- t s , in 
Equat ion 1 f o r a s p e c i f i e d va r i ance ,Q t s . C can be expressed in 
terms o f th ree v a r i a b l e s , X > y~> and R . These c a l c u l a t i o n s can be 
made f o r a l l va lues o f va r i ances ; thus a t a b l e w i l l be formed w i t h C* 
being expressed f o r each va lue o f a va r i ance . From t h i s data " J " curves 
can be p l o t t e d w i t h the a r r i v a l r a t e f o r a g iven mean s e r v i c e t ime versus 
the normal ized costs f o r d i f f e r e n t values o f the r a t i o , R. 
An a p p l i c a t i o n o f t h i s approach is g iven f o r Tuesday's data ob ta in ­
ed from Gresham's (17) work. The f o l l o w i n g are the values he o b t a i n e d : 
1 . X * 0 .358 (customers per minute) 
2 . |A = 0 .501 (customers per minute) 
3. i t } = 4.32 
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Th is type o f data can be obta ined very e a s i l y as done in Gresham's (17) 
t h e s i s , and from t h i s a t a b l e such as Table 5 can be c a l c u l a t e d . Th is 
t a b l e g ives the customer 's expected t o t a l t ime a t the counter in terms 
o f A and LA, f o r a g iven value , o f in the example, the var iance 4 . 3 2 . 
Once the t a b l e i s o b t a i n e d , va lues f o r can be c a l c u l a t e d w i t h the 
use o f Equat ion 8 by va ry ing X , | ^ , and R. Since in the example 
u, Z , 5 , oa ly \ and R were v a r i e d and was c a l c u l a t e d . was then 
p l o t t e d aga ins t the a r r i v a l ra te f o r a s p e c i f i c tfts ( 4 . 3 2 ) , and the 
r e s u l t s are shown in Figure 13. 
Mu l t i -Channe l .—For a s i n g l e channel Churchman (18) g ives Equat ion 1 
h 2 i1 - i ) 
f o r random input and a g iven d i s t r i b u t i o n o f se r v i ce w i t h var iance 
and mean LA, . Th is was the case f o r the r e t a i l s t o r e f o r a s i n g l e channel 
sales p o i n t . Since the data observed were ob ta ined from a one-channel 
source the re i s no accura te way o f desc r i b i ng the mu l t i - channe l se rv i ce 
d i s t r i b u t i o n . However, Churchman (18) a l so g ives an express ion f o r a 
customer 's expected t o t a l t ime f o r random input and ou tpu t which i s : 
w + 's " — K O) I f = 1 Equat ion 1 becomes Equat ion 9» The t o t a l expected 
— t 
r 
t ime f o r both days was c a l c u l a t e d by both Equat ions 1 and 9 , and the 
v a r i a t i o n o f the t o t a l expected t ime was less than f i v e per cen t . 








EXPECTANT TOTAL TIME PER CUSTOMER FOR 
t s 2 OF 4.32 MINUTES 
MEAN SERVICE RATE (CUSTOMERS PER MINUTE) 
.1 .2 .3 .4 .5 .6 .7 
EXPECTANT TOTAL TIME (MINUTES/CUSTOMER) 
. 1 - 7-8 4.5 3.2 2.5 2 .0 1.7 
.2 — 8.1 4.6 3.4 2.7 2 .2 
.3 — — 8.8 5.3 3.3 3.0 
.4 — — — 10.0 5.8 4.2 
.5 — — — --- 12.0 6.7 
.6 — — • — • 13.1 
NOTE: —HAS BEEN INSERTED WHENEVER ^ ~> 1 , IN WHICH CASE THE QUEUE 
GROWS BEYOND ALL BOUNDS. 
4 1 
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be assumed to be negat i ve exponent ia l w i t h o u t i n t r o d u c i n g too much e r r o r 
i n t h i s a p p l i c a t i o n . I f one assumes i t i s , Churchman (18) g ives an 
express ion f o r the expected w a i t i n g t ime f o r random a r r i v a l and 
exponent ia l se rv i ce f o r mu l t i - channe l as 
(10) 
tw - 1 





There fo re the expected t o t a l t ime f o r the customer i s 
or (12) 
t 
^ ( s ) (s i ) [ i - ^ s ] 2 r t - ^ ^ r „ t 
By the same procedure as f o r the s i n g l e channe l , the f o l l o w i n g normal ized 
cost equat ion can be w r i t t e n : 
C 1 = R X ( t w + t s ) + S (13) 
With Equations 12 and 13, i t i s poss ib l e to p l o t the normal ized cost 
versus the a r r i v a l r a t e f o r a s p e c i f i c mean se rv i ce t ime a t d i f f e r e n t 
cost r a t i o s . Th is was done f o r Tuesday's data and the r e s u l t s combined 
w i t h F igure 13 t o g i v e F igure 14. Thus F igure 14 g ives the normal ized 
43 
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cos t f o r d i f f e r e n t a r r i v a l r a t e s , d i f f e r e n t cost r a t i o s , and d i f f e r e n t 
numbers o f sales c l e r k s ( a l l f o r a g iven mean se rv i ce r a t e o f . 5 ) . By 
a s i m i l a r technique these curves cou ld be drawn f o r a l l values o f A . 
The va lue o f c ' i s a f a m i l y o f M J " curves f o r each number o f c l e r k s . 
The i n t e r s e c t i o n o f the " J " curve w i t h the same r a t i o , R, would be 
the most economical p o i n t to add or reduce the sa les f o r c e . 
The a p p l i c a t i o n o f t h i s suggested " J " curve approach depends 
upon the way in which the management approaches the problem o f optimum 
assignment o f sales c l e r k s . The va lue o f the customer 's t i m e , R c , 
i s a dec i s i on t h a t has t o be made by management: t h e r e f o r e , the 
a p p l i c a b i l i t y o f the " J " curve approach depends on the a b i l i t y o f 
management t o ass ign i n t e l l i g e n t l y a va lue t o R . I t should be a 
va lue w i t h which management would s t r i v e f o r e i t h e r shor t range o r 
long range optimum p r o f i t . I f i t i s decided t h a t long range p r o f i t 
i s to be s t r essed , the va lue o f R c would be l a rge r than a shor t range 
p r o f i t was d e s i r e d . 
Once the va lue o f the customers t ime has been determined, the 
a p p l i c a t i o n o f the " J " curves t o a r e t a i l sa les p o i n t would be s imp le . 
Data from which the a r r i v a l r a te f o r d i f f e r e n t hours o f the day must 
be compi led. With the knowledge o f the mean se rv i ce r a t e , the var iance 
o f the se rv i ce t i m e , and the r a t i o o f the va lue o f the customer 's t ime 
t o the cost o f the c l e r k ; the optimum number o f sales c l e r k s can be 
read from the " J " curves f o r any g iven a r r i v a l r a t e . 
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The E f f e c t o f the Queue D i s c i p l i n e on the Mean Wai t ing Time.—An i n t e r ­
e s t i n g r e s u l t o f t h i s study i s the comparison o f the mean w a i t i n g t imes 
seen in Table 6. Here the mean w a i t i n g t ime f o r Tuesday as observed from 
the f i l m s was 1.33 minutes per customer, ye t by Equat ion 1 , the expected 
w a i t i n g t ime was 5.0 minutes . Since t h i s equat ion was a f i r s t - c o m e , 
f i r s t - s e r v e sales p o l i c y and in the ac tua l case there was a small 
d e v i a t i o n from such a p o l i c y , one would expect a small d i f f e r e n c e in the 
mean w a i t i n g t imes . The d i f f e r e n c e o f these t i m e s , however, was too la rge 
t o a t t r i b u t e t o the sa les p o l i c y a long . The mean w a i t i n g t ime was then 
determined f o r the observed data r e c a l c u l a t e d f o r a t r u e f i r s t - c o m e , 
f i r s t - s e r v e p o l i c y . Th is t ime the mean w a i t i n g t ime was 3 .4 minutes 
per customer, which approaches the expected va lue g iven by Equat ion 1. 
There are several reasons t h a t might b r i ng about t h i s r e s u l t . 
Perhaps the sales c l e r k s have a p r i o r i t y se rv i ce p o l i c y whereby an 
aggress ive customer could get se rv i ce qu icker than o ther customers, or 
maybe the sales c l e r k s know which customer w i l l r equ i re the leas t 
t ime f o r s e r v i c e . In an at tempt t o f i n d the answer t o the d i f f e r e n c e s 
in the mean w a i t i n g t imes , the sales c l e r k s were i n t e r v i e w e d . They 
sa id tha t i t i s poss i b l e sometimes t o t e l l i f a customer w i l l r equ i r e a 
shor t or long t ime f o r s e r v i c e , but they s t i l l f o l l owed a f i r s t - c o m e , 
f i r s t - s e r v e p o l i c y regard less o f t h i s . In the case o f an aggress ive 
customer, the c l e r k s p o l i t e l y t o l d them t h a t they must w a i t t h e i r 
proper t u r n . One c lue t o the d i f f e r e n c e in the w a i t i n g t imes was g iven 
by the c l e r k s . Since a r e t a i l s t o r e i s s e l f - s e r v i c e to a c e r t a i n e x t e n t , 
the c l e r k would serve a customer and w h i l e the customer was dec id ing on 
TABLE 6 
MEAN CUSTOMER WAITING TIME 















TIME * * * 5.0 100 4 . 8 00 
NOTE: *THIS IS THE MEAN WAITING TIME AS OBTAINED 
FROM THE DATA 
**THIS IS THE MEAN WAITING TIME FROM THE OBSERVED 
DATA THAT WAS RECALCULATED FOR A TRUE FIRST-COME, 
FIRST-SERVE SALES POLICY 
***THIS IS THE EXPECTED WAITING TIME CALCULATED 
BY EQUATION 9-
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a b e l t t h a t she wanted, the c l e r k would serve another customer. Th is 
cou ld tend t o balance the w a i t i n g t i m e s , f o r the c l e r k was a c t u a l l y 
w a i t i n g on two people a t once. 
The " J " curve approach f o r the optimum assignment o f sales c l e r k s 
w i l l d e f i n i t e l y be a f f e c t e d by t h i s d i f f e r e n c e o f the mean w a i t i n g t imes . 
The curves as shown in F igures 13 and 14 are not a t r u e p i c t u r e o f the 
r e t a i l sa les counter . Th is i s not a major d e f e c t , f o r the " J 1 1 curves 
were on ly an at tempt t o show an approach to the assignment o f sa les 
personne l . With the proper adjustment t o take i n to account the s e l f -
se rv i ce f ea tu re o f a r e t a i l sa les p o i n t , the , l J " curves could be 
ob ta ined in a s i m i l a r manner as done in t h i s t h e s i s . 
The d i f f e r e n c e o f the c a l c u l a t e d expected w a i t i n g t ime from the 
observed w a i t i n g l i n e s means t h a t the mathematical model w i l l have t o 
have a new approach in o rder t o f i t the s e l f - s e r v i c e f e a t u r e . B a s i c a l l y 
the a r r i v a l r a te and the s e r v i c i n g t ime a t a r e t a i l sales p o i n t can be 
c h a r a c t e r i z e d . A l l t h a t remains to be done be fore a mathematical model 
can be determined i s t o c h a r a c t e r i z e the type o f queue d i s c i p l i n e and 
to develop an a n a l y t i c a l s o l u t i o n o f such a model. Once t h i s has been 
done, the " J " curves can be used e f f e c t i v e l y . 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Conclus ions,—The conc lus ions t h a t can be drawn from t h i s study are 
as f o l l o w s : 
1 . The r e s u l t s o f the personal i n t e r v i e w s , which were 
approx imate ly the same f o r both days, show t h a t more 
than n i n e t y - s i x per cent o f the customers leave the 
queue f o r reasons o the r than the length o f the w a i t i n g 
l i n e . The loss o f the fou r per cent p o t e n t i a l sa les 
does not j u s t i f y the a d d i t i o n o f more sa les personne l . 
2. There is a depar ture from a f i r s t - c o m e , f i r s t - s e r v e 
sales p o l i c y . As the length o f the queue increases 
so does the v a r i a t i o n i n the order o f s e r v i c e . Th is 
depar ture from a f i r s t - c o m e , f i r s t - s e r v e sales p o l i c y 
i s expected because o f the l i m i t a t i o n s o f the sales 
c l e r k s t o remember the proper o rder sequence dur ing 
a crowded p e r i o d . The magnitude o f the d e v i a t i o n i s 
s m a l l . I f x equals the s i ze o f the queue when served 
and y equals the d e v i a t i o n in the order o f s e r v i c e , 
then the equat ion for the mean d e v i a t i o n from a f i r s t -
come, f i r s t - s e r v e sales p o l i c y may be w r i t t e n as 
fo11ows: 
y = .12 + . I 4 x 
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This equat ion i s the average o f the equat ions g iven 
on Page 19. 
3. The mathematical model o f a r e t a i l sa les p o i n t 
requ i res a d i f f e r e n t approach due t o the e f f e c t 
o f the queue d i s c i p l i n e on the expected w a i t i n g 
1 ine , 
Recommendations. — In view o f the l i m i t a t i o n s , r e s u l t s , and conc lus ions 
o f t h i s s tudy , the f o l l o w i n g recommendations are made: 
1. I t i s f e l t t h a t f u r t h e r study o f t h i s problem 
would be p r o f i t a b l e . Future i n v e s t i g a t i o n s should 
be po in ted in the f o l l o w i n g d i r e c t i o n s : 
a . an i n v e s t i g a t i o n to see i f the queue 
d i s c i p l i n e can be cha rac te r i zed so t h a t 
the a p p l i c a t i o n o f the queuing theory t o 
a r e t a i l sa les p o i n t can be made. 
b. a study t o determine i f more sa les personnel 
would a t t r a c t the customers t ha t looked w i t h ­
out being se r v i ced . 
c. a f u r t h e r i n v e s t i g a t i o n t o determine the 
v a l i d i t y o f the " J " curve approach w i t h 
p a r t i c u l a r re ference to the se rv i ce t ime 
d i s t r i b u t i o n assumptions requ i red f o r m u l t i ­
channel mathematical models. 
2 . Once a model i s determined f o r a r e t a i l sa les p o i n t , 
an eva lua t i on o f i t and a l l types o f counters in a 
department s t o re should be made. 




1. Were you : 
(a) d e f i n i t e l y p lann ing to buy a b e l t 
(b) going t o buy a b e l t i f you saw one t h a t appealed to you 
(c) j u s t brous ing and perhaps might buy a b e l t 
(d) look ing w i t hou t any i n t e n t i o n o f buying 
CONTINUE INTERVIEW IF ANSWER IS NOT 1 (d) ABOVE. 
2 . V/hy d i d you leave the coun te r : 
(a) too many people w a i t i n g 
(b) d i d not have s i z e b e l t t h a t I wanted 
(c) d i d not have s t y l e b e l t t h a t I wanted 
(d) d id not have c o l o r b e l t t ha t I wanted 
(e) o the r reasons 
CONTINUE INTERVIEW IF ANSWER IS 2 (a) ABOVE 




k - A r e t h e b e 1 t s in your p r i c e range: 
<a) $1-3 $3-5 ft_ A 
9 J p $5 and over 
(b) d i d not n o t i c e p r i c e 
(c) low 
(d) h igh 
FIGURE 15 SAMPLE INTERVIEW FORM 
I -
h~ SC Ul •C ea 
ui h - z — 
t J Ul UI 
L I — 
< > > H o Ul Ul i_ 
4:07 :39 4 :11:01 3:22 4 :07:49 4:11:01 
4:07 :49 4 :08:16 :27 
4:08 :18 4 :09:08 :50 
4:08 '37 4 :10 :34 1:57 
4:11 :04 4:14:37 3:33 4 :11 :54 4:14:37 
4:11 :06 4 :11:49 :43 
4:11 :16 4 :12:20 1:04 
4:11 :54 4:13:25 1:31 
4:11 :56 4 :12 :06 :10 










9:30 0.200 5-0 94.3 
10:00 0.400 53-3 101.0 
10:30 0.200 18.4 440 .8 
11:00 0.400 43.5 74 .6 
11 :30 0.600 34.8 104.3 
12:00 0.300 9 2 . 1 115-5 
12:30 0.500 80.8 192.8 
1 :00 0.267 351.2 259 .1 
1:30 0.300 40.0 109.2 
2:00 0.333 102.4 185.3 
2:30 0.435 39-1 68.1 
3:00 0.500 59.1 128.5 
3:30 0.234 132.8 147.2 
4:00 0.300 6 7 . 2 1/4.2 
4:30 0.368 / 9 - 9 127.2 
5:00 0.231 29-8 44 .7 
AVERAGE ARRIVAL, WAITING, AND SERVICING 










9:30 0.16/ 10.4 78.7 
10:00 0.400 37.5 74.0 
10:30 0.477 22.2 101.6 
11 too 0.333 29.7 103.3 
11:30 0.571 31.2 55.5 
12:00 0.535 26.5 63.3 
12:30 0.705 41.5 63-9 
1:00 0.435 49.3 150,5 
1:30 0.435 45-5 108.2 
2:00 0.500 101.9 132.4 
2:30 0.435 37.4 132.3 
3:00 0.400 117.7 113.0 
3:30 0.300 66.1 142.3 
4:00 0.435 57.3 80.7 
4:30 0.300 43.4 113. 1 
5:00 0.167 82.6 193.2 
AVERAGE ARRIVAL, SERVICE, AND WAITING TIME 
FOR SATURDAY 
TABLE 9 
CODE OF THE INTERVIEW FORM 
THE CODE WAS MADE BY A NUMBER SIGNIFING WHY A CUSTOMER 
APPROACHED THE COUNTER AND A LETTER TELLING WHY SHE LEFT WITHOUT 
PURCHASING. THE COMPLETE CODE IS GIVEN BELOW; 
1. DEFINITELY GOING TO PURCHASE A BELT BUT 
- A. TOO MANY PEOPLE WAITING 
- B. DID NOT HAVE THE SIZE BELT THAT THEY WANTED 
- C. DID NOT HAVE STYLE BELT THAT THEY WANTED 
- D. DID NOT HAVE COLOR BELT THAT THEY WANTED 
- E. OTHER REASONS 
2. GOING TO BUY A BELT IF THEY SAW ONE THAT APPEALED BUT 
- A. TOO MANY PEOPLE WAITING 
- B. DID NOT HAVE SUE BELT THAT THEY WANTED 
- C. DID NOT HAVE STYLE BELT THAT THEY WANTED 
- D. DID NOT HAVE COLOR BELT THAT THEY WANTED 
- E. OTHER REASONS 
3. WERE BROWSING AND PERHAPS MIGHT BUY A BELT BUT 
- A. TOO MANY PEOPLE WAITING 
- B. DID NOT HAVE THE SIZE BELT THAT THEY WANTED 
- C. DID NOT HAVE THE STYLE BELT THAT THEY WANTED 
- D, DID NOT HAVE THE COLOR BELT THAT THEY WANTED 
- E. OTHER REASONS 
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